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The SLAC Linear Collider' (SLC) is a novel electron-positron accelerator designed to operate with center-of-mass energies around the mass of the neutral intermediate vector boson (2") . The frequency of collisions in linear colliders is limited by power considerations to a few hundred Hertz, typically two or three -orders of magnitude lower than in storage rings. At these frequencies, achieving interaction rates useful for physics requires focusing the beams to transverse _ sizes of at most a few microns, and then establishing and maintaining collisions between beams with impact parameters smaller than the beam sizes themselves.
One technique which has been proposed2 for this purpose is based on measuring the deflections produced in the beam trajectories by the coherent electromagnetic interaction between the beam bunches as they pass near or through each other at .the interaction point (IP).
. . -
In this letter we report the first observation of beam-beam deflections, which constitutes a crucial step in establishing the viability of the linear collider concept.
After deriving the predicted properties of the phenomenon and their dependence on beam parameters, we describe the technique used to measure the deflections.
---
We then turn to a discussion of the experimental results, and conclude with an outline of possible refinements in applying beam-beam deflections to luminosity optimization in linear colliders.
When two oppositely charged, relativistic beams pass each other, they feel an attractive impulse as a result of their electromagnetic interaction. The resulting deflection in their trajectory is given by 0 = tan-' (P~/P> M (n/p>, where pt is the tranisv<rse momentum imparted to one bunch as it passes through the field of the other bunch, and p is the longitudinal momentum of the bunch. .
_
Consider the deflection of a single "probe" particle in the field of an oppositely charged "target" bunch of Nt particles, each with charge Q, having a Gaussian charge distribution.
In the rest frame of the target bunch, we may write its charge -distribution as:
G(x, Y-, z, ox, uyr 0,) = *
The transverse electric field of the bunch is given by:3
We now solve for the transverse momentum in x and y:
. . For real-time beam centering, the data were fitted using Eq. (7) for the in-plane deflection curve, assuming the beams were aligned in the scanned direction, and _ by a Gaussian9 for the out-of-plane curve. As can be seen by the curves shown in Fig. 2 , thedata is consistent with these approximate functional forms, with the maximum out-of-plane deflection occurring at the zero-crossing of the in-plane deflection curve. Beam-beam deflections are a powerful tool for luminosity optimization at the SLC. Positioning the scanned beam on the zero-crossing of the deflection curve alignsThe beams to a small fraction of the beam size. This has been the primary method used to steer the SLC beams into collision. In most cases, the beam spots .
-at the interaction point are approximately round, so that meaningful fits to the deflection data using the form of Eq. (7) can be made. These immediately yield -estimates of the beam sizes and intensities. In the future, pulse-to-pulse sampling of the beam deflection will be made in a feedback microcomputer which will be used to compensate for any slow drifts of the beams relative to each other.
Beam-beam deflections may also be used to minimize the spot size at the IP.
Small changes in beam size are signalled by measurable changes in the slope of the deflection curve through the zero-crossing point. This is demonstrated in Fig. 4 , which shows the predicted dependence of the slope on the size of the e-beam in
x-for several different e+ beam radii. The electron beam size in y is assumed fixed near its optimal value.
_ The relationship between the slopes of the deflection curves and the luminosity . . 10 -is:
where S, and .SY are the slopes of the deflection curves measured with separate ---x and y scans after the beams have been centered. The repetition rate of the collider is f. An independent measurement of the number of particles, N, in the deflected beam is also required. The advantage in using the slopes is that they can be accurately measured even when the beams are not round. Optimal luminosity can be achieved by adjusting the focus of the beams to obtain the maximum slopes. Once this has been established, it can be monitored by checking the slopes periodically with short scans across the zero-crossing point.
In conclusion, we have presented measurements of the deflections of high-energy . electron and positron beams as they pass by each other. These measured deflections 8 agree with theoretical expectations.
We have discussed how the deflections have been used to steer micron-sized beams into collision, and how they will be used for -spot size optimization at the SLC.
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